Introduction
The emergence and spread of HIV with drug resistance seems to be inevitable as coverage of ART continues to grow, despite adequate ART options and optimal adherence. 1 This has posed a serious threat to public health globally with the rapid scale-up of ART in low-and middle-income countries, where infrastructures for frequent virological monitoring and testing for drug resistance are lacking. 2 Transmitted drug resistance (TDR), which occurs when previously uninfected individuals are infected with a drug-resistant HIV strain, is of particular concern because it will jeopardize the success of first-line combination ART (cART). 3 -5 The burdens of TDR vary substantially across geographical regions and temporal changes in TDR have been inconsistent in different parts of the world. 6 -12 Current data from WHO surveys suggest there is an association between higher levels of ART coverage and a higher prevalence of TDR to NNRTIs. 1 Regular population-based surveillance of transmission of drug-resistant strains is critical to ensure sustained effectiveness of ART and to provide the basis for selecting first-line regimens, especially in resource-limited countries where routine HIV drug resistance testing prior to ART initiation is not generally available due to cost constraints. Conventionally, standard genotypic resistance testing involves testing for mutations in the reverse transcriptase (RT) and protease (PR) genes, and surveillance of TDR is limited to NRTIs, NNRTIs and PIs. However, among the five recommended regimens for ART-naive patients in the recently revised guidelines, four are integrase strand transfer inhibitor (INSTI) based. 13 Currently, transmission of INSTI-resistant virus has rarely been reported among ART-naive patients with HIV infection. 14 -16 In addition, integrase resistance mutations may have negative impacts on viral fitness. 17, 18 Therefore, routine testing for INSTI resistance is not recommended at present. 13 However, as the use of INSTIs will increase following physician adherence to the guidelines, the potential for transmission of these HIV-1 strains with resistance to INSTIs may also increase. Data on pre-treatment resistance to INSTIs remain scarce among ART-naive patients, especially outside Europe and the USA. 19 Previous studies on trends of TDR prevalence of HIV-1 in Taiwan showed an increased rate during 2003 -06 and a decline during 2007-10, with the use of the HIVdb programme of the Stanford University HIV Drug Resistance Database. 5, 20 However, many patients included in prior studies were probably chronically infected, and the prevalence of TDR may be underestimated because drug-resistant strains might revert to WT virus over time in the absence of ART. 21 Anonymous voluntary counselling and testing (VCT) has been demonstrated to reach the target populations most at risk of HIV infection, and patients diagnosed with HIV infection via VCT are more likely to be in an early stage of HIV infection. 22, 23 In this study, we evaluated the prevalences of TDR to NRTIs, NNRTIs, PIs and INSTIs among VCT subjects testing positive for HIV, including patients with laboratory-confirmed recent infection.
Methods

Setting of the voluntary counselling and testing programme
The National Taiwan University Hospital (NTUH), the largest hospital providing free-of-charge HIV care in Taiwan, has provided VCT services since 1999, which was expanded in 2006. The number of attendees of the VCT programme at NTUH accounted for 14% of the total number in Taiwan in recent years. A standardized anonymous, self-administered questionnaire interview (available as Supplementary data at JAC Online) designed by the Taiwan CDC has been performed to obtain the information on the demographics, sexual practices, risk behaviours, history of sexually transmitted infections (STIs), number of sexual partners, HIV serostatus of sexual partners, condom use and use of illicit drugs. 22 After interview and counselling by trained counsellors, an 8 -10 mL blood sample was collected from each individual for serological tests of HIV infection and other STIs. The results were given to the subjects by mobile phone, using a unique testing code consisting of the first alphabetic character and the last three digits of the national identification card, sex and birth year for identification. Those testing positive would be linked to a clinical care and case management programme that was implemented in 2006. Other details have been described previously. 22 The study was approved by the research ethics committee of the hospital and the patients who were linked to HIV care at the hospital gave written informed consent for determination of TDR and the BED-CEIA (capture enzyme immunoassay).
Setting of HIV care in Taiwan
HIV-infected Taiwanese patients receive HIV care according to the national treatment guidelines at designated hospitals around Taiwan. Medical costs related to HIV care, including cART, quantification of CD4 lymphocyte counts and plasma HIV RNA load (PVL), and management for opportunistic illnesses are totally reimbursed by the Taiwan CDC. Drug resistance testing, however, was not routinely available and restricted to patients experiencing treatment failure and to pregnant women. The Taiwan CDC has implemented nationwide regulations on the use of first-line regimens since March 2011 due to substantial financial pressure in providing HIV care, and NNRTI-based regimens have been the preferred cART. Regimens with higher costs require pre-prescription approval by the Taiwan CDC. Since then, use of NNRTIs has increased markedly. Furthermore, generic versions of antiretroviral agents have been introduced since December 2012.
Determination of recent HIV infections, subtypes and coinfections
Anti-HIV antibody was tested using particle agglutination (SFD HIV 1/2 PA; Bio-Rad FUJIREBIO, Japan) and HIV infection was confirmed using western blotting (MP Diagnostics HIV BLOT 2.2; MP Biomedicals Asia Pacific Pte Ltd, Singapore). Hepatitis B surface antigen (HBsAg), anti-HBs antibody and hepatitis B core antibody (anti-HBc antibody) were determined with the use of enzyme immunoassay (Abbott Laboratories, Abbott Park, IL, USA). Antibodies to hepatitis C virus were determined with the use of a third-generation enzyme immunoassay (Ax SYM HCV III; Abbott Laboratories, North Chicago, IL, USA).
The BED assay was performed in the residual samples. The BED-CEIA (Calypte, MD, USA) determines the proportion of anti-HIV-1-specific IgG in relation to total IgG, based on the observation that the ratio of anti-HIV IgG to total IgG increases with time shortly after HIV infection. 24 If a specimen is reactive in the standard sensitive enzyme immunoassay and has a normalized optical density of ,0.8 in the BED assay, the source patient is considered recently infected. The window period of recent infection is 153 days (95% CI 145 -166 days). In addition, we also used age ,25 years as an indicator of recent infection, according to WHO TDR survey methods, to validate the classification based on the BED assay. 6 The HIV-1 subtypes were determined as described previously. 25 
Determination of drug resistance mutations
For those with confirmed HIV infection and linked to clinical care at NTUH, genotypic resistance assays were performed retrospectively as described previously. 5, 20 Resistance-associated mutations (RAMs) were defined by the presence of at least one mutation included in the 2009 WHO surveillance drug resistance mutation list. 26 To determine genotypic resistant mutations related to INSTIs, an 884 bp fragment of integrase coding regions was PCR amplified. The PCR primer pair used was pol2950A
The amplification condition was 35 cycles of 948C for 15 s, 558C for 1 min and 728C for 2 min, and a final extension at 728C for 7 min. The sequences were submitted to the Stanford HIVdb (http://hivdb.stanford.edu) to determine the mutation pattern and susceptibility. 27 Mutations causing low-level resistance or above were considered clinically relevant.
PVL and CD4 lymphocyte count were quantified by the Cobas Amplicor HIV-1 Monitor TM Test, version 1.5 (Roche Diagnostics Corporation, Indianapolis, USA) and FACSFlow (Becton Dickinson), respectively.
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Statistical analysis
Data were analysed using SAS 9.2 (SAS Institute, NC, USA). Categorical data were analysed using the x 2 or Fisher's exact test, as appropriate, and continuous variables were compared using the Wilcoxon test. All tests were two-tailed and a P value ,0.05 was considered significant.
Results
Characteristics of the study population
From April 2006 to December 2014, 21 886 VCT subjects had HIV tests at NTUH (Figure 1 ). MSM and heterosexuals accounted for 13 325 (60.9%) and 8434 (38.5%) of the attendance, respectively. Almost 60% (n ¼ 12 978; 59.3%) of VCT subjects were aged 20 -29 years. Overall, 745 individuals were newly diagnosed with HIV-1 infection, with an overall HIV seroprevalence of 3.4% (95% CI 3.2% -3.7%) (Figure 1 
TDR to NRTIs, NNRTIs and PIs
Among the 557 HIV-positive patients linked to HIV care at NTUH, 534 (95.9%) had blood specimens available for genotypic resistance tests, and the PR and RT genes were successfully sequenced in 440 of them (82.4%). Patients with analysable RT/PR sequences had significantly higher baseline PVL (4.66 versus 4.46 log 10 copies/mL, P¼0.02) compared with those without analysable RT/PR sequences, and other baseline demographic and clinical characteristics were generally similar (Table S1 , available as Supplementary data at JAC Online).
Forty-nine HIV-1 strains (11.1%) harboured at least one PR or RT mutation. The overall prevalence of transmitted RAMs to NRTIs, NNRTIs and PIs was 4.1%, 6.4% and 2.3%, respectively (Figure 1 ). The prevalence of transmitted RAM to any class of antiretroviral agents (NRTIs, NNRTIs or PIs) was 9.0% and 13.4% (P ¼ 0. 19 (Figure 2b) . The numerically declining trends of TDR to any class of antiretroviral agents did not reach statistical significance. Specific RAMs to NRTIs, NNRTIs and PIs are shown in Figure 3(a) . Only K101E/P and K103N/S mutations in RT were observed in .1% of the HIV-1 strains.
Comparisons between patients infected with HIV-1 strains harbouring drug-resistant mutations and those without are shown in Table 2 . All HIV strains with transmitted RAMs came from MSM, and all but one were subtype B. CD4 lymphocyte counts ≤500 cells/mm 3 and HBsAg positivity were independent predictors of acquiring drug-resistant HIV in the multivariate model. . If we limited RAMs to major INSTI mutations (T66I, E92Q, G140S, Y143C/H/R, S147G, Q148H/K/R, N155H), 14 only one strain harbouring the Q148R mutation was detected, however.
TDR-associated mutations to INSTIs
Discussion
Our study, conducted among VCT subjects testing positive for HIV-1 in Taiwan during 2006 -14, showed that 11.1% of the patients were infected with HIV-1 strains harbouring at least Transmitted HIV-1 resistance in Taiwan 229 JAC one PR or RT RAM. Consequently, the prevalence of TDR of HIV-1 in Taiwan was estimated as moderate (5%-15%) according to the WHO categorization method. The prevalence of TDR seemed to be stable throughout the 9 years of the study. We also identified transmission of HIV strains with RAMs to INSTIs for the first time in Taiwan, at a prevalence of 3.2%. In only one patient, a major mutation (Q148R) conferring high-level resistance to two INSTIs in clinical use (raltegravir and elvitegravir) was found. Our prior surveillance in Taiwan during 2000-10 showed that the overall prevalence of RAMs was 8.0%, and many patients were probably chronically infected due to their low CD4 lymphocyte counts. 5, 20 Since transmitted RAMs are more likely to be detected in persons with recent infection compared with those with established infection, 28 it is not surprising that the prevalence in this study seems to be slightly higher. Our HIV-infected patients in the current study were predominately MSM with subtype B, and nearly half of them had recently acquired HIV (within the past 153 days) according to the BED assay. Therefore, this study may be more accurate in estimating the current rate of transmission of RAMs when access to VCT services have been further improved to detect HIV infection early. However, no statistically significant difference was found between chronic and recent infections in the prevalence of one or more drug resistance mutations. In our study, even patients with chronic infections beyond the 153 day window had relatively high CD4 lymphocyte counts (mean 346 cells/mm 3 ) at baseline, which suggests that the interval between infection and testing was not too extended. Our findings were consistent with a similar surveillance among VCT subjects in southern Taiwan, which reported a 10.6% prevalence of TDR. 29 This prevalence is also in line with those reported in Australia, Europe and North America, in the range of 8%-17%. 8, 9, 12, 23 To ameliorate the surging costs of antiretroviral drugs, Taiwan CDC, which started to provide free-of-charge ART in the 1990s, has implemented regulations for the prescription of more expensive INSTI-or PI-based regimens. These measures have raised concerns about the emergence of drug resistance, particularly in the absence of routine baseline genotypic resistance testing before cART initiation. In this surveillance, we did not detect any rising trends of TDR to any of the three classes of antiretroviral agents (NRTIs, NNRTIs and PIs). However, mutations conferring resistance to NNRTIs were most common (6.4%), accounting for more than half of the RAMs found. This finding is worrisome, as NNRTI-based regimens are the preferred first-line cART in Taiwan. Vigilant national monitoring in the following years is needed to determine the long-term impacts of the ART policy on the transmission of RAMs and its clinical implications. Lai et al.
In this study, CD4 lymphocyte counts ≤500 cells/mm 3 and positive HBsAg were independent predictors of acquisition of HIV with RAMs. To our knowledge, hepatitis B virus (HBV) infection has not been reported to be associated with TDR acquisition. Many of our patients were born after 1986, when universal neonatal HBV vaccination and catch-up vaccination were implemented in Taiwan. 30 In the era of nationwide HBV vaccination for newborns, HBsAg positivity has also been identified to be significantly associated with syphilis and hepatitis C virus antibody (anti-hepatitis C virus) positivity, which implies that HBV might still be transmitted through high-risk sexual behaviours when immunity against HBV wanes and booster vaccination may not be administered. 30 An outbreak of HBV infection with transmission of drug resistance via sexual contacts among HIV-infected patients has also been reported. 31 One possibility of our finding is that drug-resistant HIV might be co-transmitted with HBV through high-risk behaviours. However, this point may not be supported due to similarly high-risk behaviours between patients with and without TDR. Another explanation is HBV/HIV-coinfected patients might be exposed to lamivudine as HBV treatment before HIV diagnosis. Indeed, in our study, two HBsAg-positive patients had received lamivudine monotherapy for HBV before, with their HIV-1 strains harbouring the M184V mutation (data not shown). However, among 18 patients acquiring NRTI-resistant strains, the frequencies of the M184V mutation in HBsAg-positive and HBsAgnegative patients were not significantly different [2/5 (40%) versus 3/13 (23.1%), P ¼ 0.53] (data not shown). Further studies are needed to elucidate the correlation of HBV coinfection and TDR.
INSTI resistance is potentially influenced by exposure to antiretroviral drugs and HIV-1 subtypes. In clinical trials of ART-naive patients, rates of virological failure with INSTI resistance were low, ranging from 0% to 3%. 17 Raltegravir has been licensed in Taiwan since 2009 and remains the only INSTI in the Taiwanese market. Despite its established efficacy and safety, raltegravir is reserved for patients for whom NNRTI-based regimens are not indicated because of tolerance or resistance issues according to the Taiwanese regulations on cART. In this setting, a prevalence of 3.2% RAMs in integrase, though low, is a point Transmitted HIV-1 resistance in Taiwan   231 JAC of concern. Among the INSTI-related major mutations we detected, Q148R can cause 30-to 100-fold reduction of drug susceptibility, 32 while N155S is a rare non-polymorphic mutation which was selected in vitro and can reduce raltegravir efficacy less efficiently than N155H. 33 Among the four minor mutations detected in this study, T97A and E157Q are polymorphic accessory mutations that can be selected in patients receiving raltegravir, 34 while E138K and R263K are non-polymorphic INSTI-resistance mutations selected in patients receiving INSTIs. 35 At present, none of these minor mutations occurs in combination with INSTI-related major mutations in our study subjects. Further investigations are needed to determine to what extent these RAMs impact the clinical effectiveness of INSTIs. Moreover, additional research is required to determine the source of these mutations. Continuous monitoring is warranted to prevent the spread of strains resistant to INSTIs in the community.
Some questions about INSTI resistance remain unanswered, however. Major INSTI resistance mutations listed in the 2014 edition of the IAS-USA panel and the Stanford University HIV Drug Resistance database are different. 36 Some minor integrase mutations do not reduce susceptibility to INSTIs on their own, but require the presence of other mutations, and minor RAMs have been observed in up to 22.5% of INSTI-naive patients. 27 The findings of this study should be interpreted with the necessary caution. First, the study was based on data from persons seeking VCT at only one hospital, although this site provides the largest VCT programme and HIV care in Taiwan. Second, the number of cases included in this study was small. Third, our 12 Thus, TDR epidemics in Taiwan in at-risk populations other than MSM or in subtypes other than B remain to be investigated.
In conclusion, the prevalence of TDR-associated mutations among persons seeking VCT services in Taiwan remains stable and is comparable to the range found in high-income countries. Consequently, baseline genotypic resistance testing should be considered for routine use in newly diagnosed HIV-infected individuals according to the treatment guidelines. 13 
